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^We  have  shown  that  feeding  palmitoyl  glycerol  to  weanling  mice  results 
in  death  within  a  few  days  or  poor  growth  in  the  survivors.  Adding  small 
amounts  of  unsaturated  fats  will  prevent  the  toxicity.  Free  palmitic  acid 
is  not  as  toxic  as  palmitoyl  glycerol,  and  the  position  of  the  palmitate  on 
the  glycerol  does  not  affect  its  toxicity.  Although  linoleic  and  y*linolenic 
afford  the  most  protection,  oleic  acid  is  also  protective.  Changing  the 
chain  length,  position  of  the  double  bond  or  its  configuration  greatly  - 


i  jan  n 


SWTION  OR  I  NOV  M  IS  OBSOLETE 


2  C?  i-ao 


Unclassified 

SECURITY  CLASSIFICATION  O 


C  ft*' 


*hr 


r  THIS  P 


E3 


n 


decreases  or  eliminates  the  protective  effects  of  unsaturated  fat.  Aniaals 
that  die  show  a  severe  inflaaaatory  reaction  in  their  lungs  that  we  have 
termed  interstitial  pneuaonitis.  The  interstitiua  of  the  lungs  is  so  filled 
with  aacrophages  and  leukocytes  that  severe  alveolar  stasis  and  collapse 
occurs,  resulting  in  death,  probably  froa  congestive  heart  failure.  In  collabo¬ 
ration  with  Dr.  Ralph  Snyderaan  of  Duke  University,  we  have  shown  that  extract! 
of  the  affected  lung  contain  a  coapound(s)  that  is  cheaotactic  toward  aurine 
macrophages.  Although  the  precise  mechanise  behind  the  toxicity  is  unknown, 
present  evidence  points  to  a  defect  in  the  metabolise  of  arachidonic  acid. 
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The  trl  acyl  glycerols  of  milk  fat  of  most  animals  have  the  majority  of 
the  palmltate  at  the  2-posltlon,  whereas  the  trl  acyl  glycerols  of  the  other 
tissues  have  the  majority  of  the  palmitic  acid  at  the  outer  positions.  For 
example.  In  mouse  milk  more  than  half  of  the  palmitic  acid  Is  found  In  the 
2-posltlon  of  the  trl acyl  glycerols,  whereas  the  trl acyl  glycerols  of  adipose 
tissue  have  only  about  20%  of  the  total  palmltate  esterlfled  at  the  2- 
posltlon.  This  difference  In  distribution  coupled  with  the  age  effect 
prompted  an  Investigation  to  determine  If  palmltate  at  the  2-posltlon  would 
also  be  toxic.  In  order  to  block  the  rapid  Isomerization  of  a  2- 
monoacyl glycerol  to  a  l(3)-monoacyl glycerol,  we  acetyl ated  the  two  open 
hydroxyl  groups  of  sn-2-palmltovl  glycerol.  As  a  control,  we  prepared 
diacetyl  rac-l(3)-oa1m1tovl  glycerol  but  found  that  this  compound  was  much 
less  toxic  than  rac-l(3)-pa1m1tovl  glycerol.  In  contrast,  dlacetyl-sn-2- 
palmltoyl  glycerol  was  as  toxic  as  rac-l(3)-palm1toyl  glycerol.  Thus  the 
position  of  the  palmltate  does  not  affect  the  toxicity  of  palmitoyl 
glycerol,  hi  vivo  absorption  studies  and  l£  vitro  experiments  with 
pancreatic  lipase  Indicated  that  the  major  protective  effects  of 
acetyl  atl  ng  rac-l(3)-pal  ml  toy  1  glycerol  resulted  from  llpolysls  of  the 
acetyl ated  palmitoyl  glycerol  to  the  less  toxic  free  palmitic  acid. 

During  all  of  these  studies  we  had  not  Identified  the  target  tissue  or 
Immediate  cause  of  death.  Extensive  hlstopathology  by  Dr.  Robert  Kanlch, 
Director,  Department  of  Pathology,  Rex  Hospital,  Raleigh,  NC,  showed  that 
the  gastrointestinal  tract,  liver,  heart,  spleen,  kidneys,  adrenals,  and 
brain  were  free  of  any  pathological  lesions.  However,  the  lungs  of  those 
animals  that  died  showed  varying  degrees  of  vascular  congestion,  edema,  and 
Interstitial  Infiltration  with  lymphocytes  and  histiocytes,  and  we  have 
termed  this  constellation  of  changes  Interstitial  pneumonitis.'  The 
spectrum  of  changes  varied  In  extent  and  severity.  A  minimal  extent  would 
Involve  only  focal  areas  of  pulmonary  tissue,  while  most  extensive  changes 
seen  only  In  animals  dying  during  the  course  of  the  experiment  would 
Involve  entire  lung  lobes.  Grading  of  the  lesion  was  based  upon  the 
severity  of  the  Inflammatory  changes,  not  upon  the  amount  of  pulmonary 
tissue  Involved,  but  generally  the  two  correlated  highly.  The  lowest 
grades  of  pathological  changes  would  Involve  edema,  slight  capillary 
dilation,  and  an  Increased  number  of  Interstitial  lymphocytes.  The  most 
severe  changes  were  characterized  with  massive  vascular  dilatation  and 
dense  Infiltration  of  the  Interstltum  with  histiocytes  and  lymphocytes. 
The  alveolar  spaces  usually  were  obscured  by  the  severe  Interstitial 
changes.  In  about  75%  of  the  animals  that  die,  the  Interstltlum  Is  so 
filled  with  macrophages  and  leukocytes  that  severe  vascular  stasis  and 
alveolar  collapse  occurs,  resulting  In  death,  possibly  from  congestive 
heart  failure.  The  onset  of  this  syndrome  Is  exceedingly  rapid.  Most 
animals  succumb  within  2-4  days  after  receiving  the  toxic  diet  and  the 
hlstopathology  has  been  observed  nine  hours  after  the  mice  were  fed  the 
diet.  In  rats,  although  death  did  not  occur,  a  growth  depression  was 
encountered,  and  a  focal  Interstitial  pneumonitis  was  observed. 
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The  adverse  effects  of  the  toxic  diet  do  not  appear  to  be  associated 
with  an  Infectious  agent.  We  have  not  Isolated  or  observed  a  bacterium  or 
virus  upon  culture  of  the  lung  tissue  and  a  wide  spectrum  of  antibiotics 
(penicillin,  tetracycline,  streptomycin,  sulfamethazine  and  sulfaguanldlne) 
given  parenteral ly  or  orally  were  without  effect.  Obviously  these  findings 
do  not  prove  the  absence  of  an  Infectious  organism,  but  when  coupled  with 
the  rapid  onset  of  the  toxic  syndrome  and  Its  prevention  by  unsaturated 
fat,  we  are  led  to  seek  a  more  direct  relationship  between  the  toxic 
syndrome  and  palmltoyl  glycerol. 

Because  palmitic  acid  Is  the  major  fatty  acid  In  pulmonary  surfactant, 
we  considered  the  possibility  of  a  connection  between  the  toxicity  and  the 
pulmonary  surfactant.  However,  this  does  not  appear  to  be  the  case.  Even 
just  prior  to  death  there  are  no  overt  signs  of  respiratory  distress  in 
that  the  mice  do  not  exhibit  the  tachypnea  which  Is  characteristic  of  this 
process.  Moreover,  we  have  not  observed  the  hyaline  membrane  expected  for 
respiratory  distress  syndrome  In  the  lungs  of  animals  that  die  of  the 
saturated  fat  toxicity.  To  further  ascertain  the  absence  of  surfactant 
Involvement,  we  examined  the  phospholipids  of  the  lungs  from  mice  4.5  hours 
after  gavage  with  rac-l(3)-[l-**C]-palm1toyl  glycerol.  The  percentage  of 
14C  of  the  lung  phospholipids  In  phosphatidyl  choline  was  48  ±  8%  (mean  ± 
S.D.)  for  mice  fed  30  mmoles  of  palmltoyl  glycerol/100  g  diet  without 
safflower  oil  and  57  ±  13%  when  the  diet  was  supplemented  with  4%  safflower 
oil.  Moreover,  there  was  no  difference  in  the  proportion  of  palmltate  at 
the  2 -position  of  the  lung  phosphatidyl  choline  from  mice  fed  the  two  diets 
(30  ±  12%  vs.  29  t  12%). 

The  Intense  Inflammatory  Infiltrate  In  the  Interstltlum  of  the  lung 
raised  the  question  of  whether  the  toxicity  of  palmltoyl  glycerol  might  be 
due,  at  least  In  part,  to  the  accumulation  of  some  phlogistic  product(s)  In 
the  lung  which  Initiates  the  pneumonitis.  This  possibility  led  to 
collaboration  with  Dr.  Ralph  Snyderman  of  Duke  University.  We  sought  to 
determine  If,  after  consuming  the  toxic  diet,  lungs  from  mice  contained  an 
extractable  substance(s)  capable  of  Initiating  the  accumulation  of 
Inflammatory  cells  In  vivo  or  Initiating  the  chemotaxls  of  leucocytes  In 
vitro.  Homogenates  of  lung  from  mice  fed  45  mmoles  of  rac-l(3)-palm1toyl 
glycerol/100  g  diet  for  6  hours  did  contain  chemotactlc  activity  for  murine 
macrophages.  In  contrast,  neither  the  palmltoyl  glycerol  Itself  nor  lungs 
from  animals  fed  stock  diet  before  the  toxic  diet  were  chemotactlc. 
Although  some  chemotactlc  activity  was  present  In  other  tissues  (liver, 
kidney)  from  mice  fed  palmltoyl  glycerol,  lung  tissue  had  the  greatest 
activity.  Animals  which  received  4%  safflower  oil  had  no  chemotactlc 
activity  In  the  lung  but  a  marginal  level  was  seen  In  the  kidney  and  gut. 

Preliminary  results  from  a  study  on  the  properties  of  fatty  acid 
unsaturation  have  provided  some  Interesting  leads  on  the  mechanism  behind 
the  protective  effects  of  adding  certain  unsaturated  fatty  acids  to  the 
diet.  In  these  experiments  a  high  level  of  palmltoyl  glycerol  was  fed  (60 


2 


DAAG29-78-6-006 


mmoles/100  g  of  diet)  In  order  to  shorten  the  feeding  period  to  one  week. 
Since  the  unsaturated  fatty  acids  were  fed  at  the  marginal  protective  level 
of  2%,  some  mortality  occurred  on  all  diets.  The  results  showed  that 
protection  was  afforded  only  when  the  double  bond(s)  was  of  the  cji 
configuration.  Of  the  monoene  fatty  acids.  Increasing  the  chain  length 
(11-elcosaenolc  acid),  decreasing  the  chain  length  (9-hexadecenolc  acid), 
and  changing  the  position  of  the  double  bond  (6-octadecenolc  acid)  reduced 
the  protection  as  compared  to  oleic  acid.  With  the  polyene  fatty  acids, 
all  were  effective  with  6,9,12-octadecatlcenolc  acid  and  9,12,15-trlenolc 
acid  equaling  the  protective  effects  of  llnolelc  acid,  whereas  11,14- 
elcosadlenolc  acid  was  less  protective.  Taken  as  a  whole,  these  results 
point  to  the  possibility  that  a  prostaglandin  or  fatty  acid  hydroperoxide 
Is  Involved  in  the  protective  mechanism. 
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